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VOLTAGE DETECTING CIRCUIT AND BATTERY DEVICE USING SAME 

■ fQfrMrj BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[ 0001 ] The present invention relates to a voltage detecting 

circuit for detecting the voltage of a battery or -ehre 1-i-k-e o t he r 

similar device and outputting a signal that indicates whether 
this — the voltage is high or low with respect to a predetermined 
voltage, and to a battery device suitable for batter y -^e^R-^ - ed 
using equipment that is able to fully utilize the potential of a- 
the battery. 

■BA€-K-G-RO^-i^---^R4-2 . Description of the Related Art 

[ 0002 ] - {-Q - Q-Q-2-} Pe-t-eR-t"""Deet:^:e?\-1 ; ; -1- J ap anese Patent Application 

Laid-Qpen No. Hll-258280 discloses one example of a known 
conventional voltage detecting circuit and battery device using 
this circuit. Fig. 4 of this example shows a voltage detecting 

circuit 102 and a battery device 101 using this circuit . A 

battery device 101 includes a voltage detecting circuit 102 T -_^_ 
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series-connected resistors 104, 105, having one end grounded— 
and for generating an input voltage V B at of the voltage detecting 
circuit 102y-^_ and a battery 103 connected to the other end of 
the series-connected resistors 104, 105 that serves as the power 
source of a battery-mounted using equipment . The voltage of the 
battery 103 is divided by the series-connected resistors 104, 
105, and this divided voltage is input into the voltage 
detecting circuit 102 as an input voltage V B at . The voltage 
detecting circuit 102 compares the input voltage V BAT with a 
detection threshold value voltage V TH . When the input voltage V BA t 
is higher than the detection threshold value voltage V TH — ire 

4u-d<jfes , the voltage detecting circuit 102 determines that there 

be — fee — is a battery residual quantity available and outputs a 
high-level voltage as a detected result j-r - em — to an output 
terminal OUT. Conversely, when the input voltage V BAT is lower 
than the detection threshold value voltage V TH , — ^aetges — the 

voltage detecting circuit 102 determines that there t - e be is no 

battery residual quantity available and outputs a low-level 

voltage as a detected result -f-r-s-m- to the output terminal OUT. 

The output terminal OUT is connected to other electronic 
components (not shown in the clrawing f igure ) which are included 
in the batter y — sfte-ta^-e - d using equipment. 

[0003] -f-O-Q-0-S] The voltage detecting circuit 102 includes a 

threshold value voltage generator 112 that selectively generates 
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■ s-ee-a-.¥.-a4--e different threshold value voltages (high-side and low- 
side) depending on whether the input voltage V BAT rioco increases 
(changes from low voltage to high voltage) or whether ^rfethe 
input voltage V B at drops (changes from high voltage to low 
voltage), a comparator 111 that compares this threshold value 
voltage (detection threshold value voltage V TH ) with the input 
voltage V BAT , an inverter 124 that inverts the output of the 
comparator 111, an output switching element 113 that receives 
the output of the inverter 124 and outputs the voltage detection 
result from the output terminal OUT, and a reference voltage 
generator (REF) 114 that generates a reference voltage Vre F . The 
output of the inverter 124 is also used for selecting one of the 
two threshold value voltages in the threshold value voltage 
generator 112. The reference voltage V REF is used as a reference 
for these threshold value voltages. 

[0004] [0004] The threshold value voltage generator 112 

and comparator 111 a-Me - r - d — th^ achieve hysteresis of the input 
voltage detection. By virtue of this achievement , when the input 
voltage V B at approximates the detection threshold value voltage 
V TH , the repeated turning ON and OFF o£ the output switching 
element 113 caused by minute levels of noise resulting in 
instability of the output of the output terminal OUT is 
prevented. 
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- [ ■ 0QQ - 5] P - a - be - R - ^""Da - e : ^me - R - ^""!L": df^afre^ — Pa - ten^ — App - l-i^^t-i^^ — Lai - d ™ 

Open N o , HI 1-258280 

PROBLEM TO BE SOLVED BY THE INVENTION 

[0005] [0006] The battery device 101 selects the high-side 

threshold value voltage when the input voltage V BAT 
■r4.-eee increases and selects the low- side threshold value voltage 
when — the input voltage V B at drops . Accordingly, when the 
battery 103 is removed, as the input voltage V BA t drops, the low- 
side threshold value voltage is set as the detection threshold 
value voltage V TH . When the battery 103 is then 
^ef 4-et-e^ r e inserted , as the input voltage V BA t -r-i-se-s- increases, the 
high- side threshold value voltage is set . 

[0006] -["Q007 -3 Fig . 5 shows the relationship between the 

input voltage V BAT and the detection threshold value voltage V TH . 
The d^a - wi - n<g figure shows a case in which there is only a little 
residual battery quantity available, that is — tre — sa-y, a case in 
which the battery voltage has gradually dropped from a state in 
which the input voltage V BA t exceeds a high-side threshold value 
voltage (for example, 2.9V) in the initial usage period of the 
battery 103 to a state in which the input voltage V BAT is a 
voltage (for example 2.6V) between the high-side threshold value 
voltage and a low- side threshold value voltage ( for example 
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2.5V). When the battery 103 is removed and the input voltage V B at 
drops and intersects the low- side threshold value voltage, the 
output terminal OUT switches from the high level to the low 
level and the detection threshold value voltage V TH is set to the 
high-side threshold value voltage. When the battery 103 is then 
■ r - e-f - i-t-t - ee r e inserted subsequent to the input voltage V BAT having 
reached the ground potential (0V), the input voltage V BAT *ieea 
^ increases and exceeds the low-side threshold value voltage 
value. However, it does not reach and does not intersect with 
the high-side threshold value voltage and, as a result, the 
output terminal OUT remains at the low level. Accordingly, while 
the batter y~- moa-n-t-e d using equipment operates as if residual 
battery quantity is available until the battery 103 is removed, 
when the battery 103 is temporarily removed and then 
fel i-t-fee dr einserted , a phenomenon is established in which there 
is a state of no residual quantity of the battery 103 available 

e - B - ta:b - l - ^ehed , whi ch prevents the batter y -rae^R - t - e - d using equipment 

from being — started — ^p — ±s — produced, starting up . This precludes 
the batter y -faeH-Prfced - using equipment from being able to be used 
to the limit of the available residual quantity of the battery 
103 and reduces the usable time lif e of the battery. 

[0008] With the foregoin g in view", — it is an object 

SUMMARY OF THE INVENTION 
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[ 0007 ] In order to overcome the problems described above, 



preferred embodiments of the present invention ^-e — provide a 
voltage detecting circuit in which a battery assembled in 
batter y — i $e»mfred using equipment can be used ws^Er—es^ 
up to its usage limit, and to a battery device using this 
circuit . 

[ 0008 ] ■[■■Q&&9-] — e^fie^ — fe^ — ^ee-e-l^e — fefee — p^eb^era — dc G'G-r-i-b e d 

afeevey — fefeeA voltage detecting circuit according to a preferred 
embodiment of the present invention ee - mp - r -- i -- s -e e - ; - -i n eludes an input 
voltage comparing circuit that controls the opening and closing 
of an output switching element in response to an output of the 

comparison of a first threshold value voltage or a second 

threshold value voltage lower than the first threshold value 
voltage with an input voltage, and selects the second threshold 
value voltage when the input voltage changes from a low voltage 
to a high voltage and intersects the first threshold value 
voltage^ and selects the first threshold value voltage when the 
input voltage changes from the high voltage to the low voltage 
and intersects the second threshold value voltage; and a 
threshold value voltage f-e-ge^-B-l-y---- s e 1 1 i ng circuit that compares a 
third threshold value voltage lower than the second threshold 
value voltage with the input voltage and, when the input voltage 
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changes from a low voltage to a high voltage and intersects the 
third threshold value voltage, outputs a pulse for a 
predetermined period thereafter so that the second threshold 
value is #e*e±fe±y — selected in the input voltage comparing 
circuit, the second threshold value voltage being compared with 
the input voltage in the input voltage comparing circuit when 
the input voltage ^4-s-ee-"^p increases . 

[0009] HE It is preferable that the threshold value 

voltage - f - e - ge - i - b - l-y setting circuit - se - l - e - e - t - selects a fourth 

threshold value voltage lower than the third threshold value 
voltage when the input voltage changes from a low voltage to a 
high voltage and intersects the third threshold value voltage, 
and that -i--t — s-e-leet the threshold value voltage setting circuit 
selects the third threshold value voltage when the input voltage 
changes from a high voltage to a low voltage and intersects the 
fourth threshold value voltage. 

[0010] {-&Q-1--1--} The battery device according to another 

preferred embodiment of the present invention comprises includes 
the above -de scribed voltage detecting circuity series -connected 
res is tor St- having one end groundedT — and for generating the 
input voltage of the voltage detecting circuity and a battery 
that is connected to the other end of the series -connected 
resistors . 
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[0011] -{-Q&-1-2- } According to the preferred 

embe - d - i - men - t - embodiments of the present invention, because the 
voltage detecting circuit and battery device using this circuit 
use a third threshold value voltage lower than a first threshold 
value voltage and second threshold value voltage and, when the 
input voltage fifyes-- ^ increases and reaches the third threshold 
value voltage, a threshold value voltage ■fe-ff-ei-fe-l-y — setting 
circuit sets in the input voltage comparing circuit the second 
threshold value voltage, a battery assembled in battery— flaewftted: 
using equipment can be used ^ivt:h ---- e e ^t - aiv^t - y ---- : UTTt - i - l; ---- up to its usage 
limit . 

[ 0012 ] Other features, elements, processes, steps, 

characteristics and advantages of the present invention will 
become more apparent from the following detailed description of 
preferred embodiments of the present invention with reference to 
the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] [-0&-1-3-} [--F--i-e--; H Fig . 1 is a circuit diagram of the 

voltage detecting circuit according to -e^ ta preferred embodiment 

of the present invention and battery device using -fek-i-s the 

circuit . 
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[ 0014 ] frgvkj f -y -2-] Fig . 2 is a circuit diagram of a 

threshold value voltage generator of Fig. 1 . 

[0015] [-F - i - g-j 3-| Fig. 3 is an operating waveform 

diagram of Fig. 1. 

[0016] [Fig, 4~] Fig. 4 is a circuit diagram of a 

conventional voltage detecting circuit and battery device using 
fefejbo— the c i r cu i t . 

[ 0017 ] ["F-i-<g"> §~] Fig. 5 is an operating waveform 

diagram of Fig. 4. 



E X PLANATION OF REFERENCE NUMERALS DETAILED DESCRIPTION OF 



PREFERRED EMBODIMENTS 



2 - --- ^>^ - ^ - a<ge ---- Gk^t - e - et:i - n - g ---- ei - getj : i - t ' 

3— Battery 

3™^%-^^ 

- l^ ---- Swi - t - ehi - Fi - g ----e j: - ef} : r e ft - t ' 

S e-ee^d-"trh £ee h 0 - l : 4 "" V ^ a4 :U: e "" : v : e -l- t a g e 1 
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BEST M ODE F O R CARRYIN G OUT T H E I N VENTION 
[ 0018 ] {&Q15] The bee^-mede — f e ^ .... ea - rryi - Rg ---- eut the - - pref er red- 
embodiments of the present invention will be hereinafter 
described with reference to the drawings. Fig. 1 is a circuit 
diagram of the voltage detecting circuit 2 according to &&—a 

preferred embodiment of the present invention and a battery 

device 1 using t - h - i - s the circuit. 

[0019] {&Q1SJ The battery device 1 includes a voltage 

detecting circuit 2yj_ series-connected resistors 4, 5, having 
one end grounded, for generating an input voltage V B at of the 
voltage detecting circuit 2- r j_ and a battery 3 connected to the 
other end of the series -connected resistors 4 , 5 which serves as 

the power source of e the batter y — m-e-b-R-^-e4 using e qu i pme n t . The 

voltage of the battery 3 is divided by the series-connected 
resistors 4, 5, and this divided voltage is input as the input 
voltage V B at to the voltage detecting circuit 2. The voltage 
detecting circuit 2 compares the input voltage V B at with a 
detection threshold value voltage V TH . When the input voltage V B at 
is higher than the detection threshold value voltage V TH — ±% 

4-bfc4g-e-& , the voltage detecting circuit 2 determines that there 

■fee — £>e — is a battery residual quantity available and outputs a 
high-level voltage as a detected result f romto an output 
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terminal OUT. Conversely, when the input voltage V B at is lower 
than the detection threshold value voltage V TH , it — judges — the 
voltage detecting circuit 2 determines that there -fee — fee — is no 
battery residual quantity available and outputs a low- level 
voltage as a detected result from, to the output terminal OUT . 
The output terminal OUT is connected to other electronic 
components (not shown in the d^-awi-r^g; figure) which are included 
in the batter y™ raeu-R^ed — using equipment . The resistance value 
ratio, that is -"fee s - a - y , the voltage -dividing ratio of the series- 
connected resistors 4, 5 is determined by the specification of 
the electronic components which are included in the battery— 
raeu-ntred — using equipment . Resistance values are sufficiently 
large enough to minimize the direct current value. 

[ 0020 ] -{-#&-l--7-} The voltage detecting circuit 2 fRe-i-H-l-y 

includes an input voltage comparing circuit 7 and threshold 
value voltage f-e-re-ife-l-y — setting circuit 8 . The input voltage 
comparing circuit 7, using as a detection threshold value 
voltage V TH a first threshold value voltage V t hi or second 
threshold value voltage V t h2 lower than the first threshold value 
voltage Vthi/ controls the opening and closing (ON and OFF) of an 
output switching element 13 in response to the output of the 
comparison of the detection threshold value voltage V TH with the 
input voltage V BA t . As well— — thi - s , when the input voltage V BA t 
r i o CG increases , that is— -t-e — e-ay, changes from a low voltage to a 
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high voltage and intersects the first threshold value voltage 
Vthi/ the input voltage comparing circuit 7 selects the second 
threshold value voltage V th2 as the detection threshold value 
voltage V TH , and when the input voltage V B at drops, that is — fee 
eay, changes from a high voltage to a low voltage and intersects 
the second threshold value voltage V th2 , it selects the first 
threshold value voltage V t hi as the detection threshold value 
voltage V TH . Accordingly, the input voltage comparing circuit 7 
ifaparf - te achieves hysteresis to the detection input voltage 
whereupon, when the input voltage approximates the detection 
threshold value voltage V TH , the repeated turning ON and OFF of 
the output switching element 13 is prevented . Then, the 
instability of output of the output terminal OUT resulting in 
generation of short-circuit current or noise in the voltage 
detecting circuit 2 -i-fese-l-f — and the electronic components which 
are included in the batter y — f fieu-R-te d using equipment is 
prevented. The output switching element 13 is an N-type MOS 
transistor of an open-drain configuration that is pulled up to 

any power source by a resistor (not shown in the 4^-a^4^e-> *-Ei"--feke 

eu:t - e^ : — figure) out side of the voltage detecting circuit 2. The 
output switching element 13 is not limited to an N-type MOS 
transistor and can be any other suitable switch . 

[ 0021 ] -f-Q-Q-l-&] The threshold value voltage -f -e-ji-e-i-B-l--y-- setting 

circuit 8 compares a third threshold value voltage V th3 lower than 
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the second threshold value voltage V t h2 with the input voltage 
V B at and, when the input voltage V B at changes from a low voltage 
to a high voltage and intersects the third threshold value 
voltage V t h3/ outputs a pulse for a predetermined period 
thereaft er , to the input voltage comparing circuit 7 so that the 
second threshold value voltage V th2 is forcibly selected in the 
input voltage comparing circuit 7. By virtue of this, when the 
input voltage V B at -fri-ee-3 — «p — increases from the ground potential , 
the second threshold value voltage V th2 is compared with the input 
voltage V BAT in the input voltage comparing circuit 7. 

[ 0022 ] -£&0-l-#-} Furthermore, when the input voltage V BA t 

changes from a low voltage to a high voltage and intersects the 
third threshold value voltage V th3 , the threshold value voltage 
- fe^ - eivbl - y — setting circuit 8 selects a fourth threshold value 
voltage V t h4 lower than the third threshold value voltage V t h3/ and 
when the input voltage V B at changes from a high voltage to a low 
voltage and intersects the fourth threshold value voltage V th4 , 
it selects the third threshold value voltage V t h3 • Accordingly, 
hysteresis is also j^a^feed achieved in the threshold value 
voltage - fe^e - ibl - y — setting circuit 8 and, when the input voltage 
V BAT approximates the third threshold value voltage V t h3/ 
instability of the output of the threshold value voltage 
4 . - e^e^b - ly- s e 1 1 i ng circuit 8 is prevented. 
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[0023] [0O2Q] More specifically, the voltage detecting 

circuit 2 includes an inverter 2 4 that inverts the output of the 
input voltage comparing circuit 7 , an output switching element 
13 that is turned ON and OFF in accordance with the output of 
the inverter 24, -em — a NOR circuit 23 that controls the input 
voltage comparing circuit 7 4 - teel - f — based on the - i - H - p - H - t — e-f — : t J he 
output of the input voltage comparing circuit 7 and the output 
of the threshold value voltage f o re-ib! y setting circuit 8 , and a 
reference voltage generator (REF) 14 into which the voltage of 
the battery 3 is directly input and that generates and outputs a 
reference voltage V REF . 

[ 0024 ] [0021 -- ] The input voltage comparing circuit 7 

includes a threshold value voltage generator 12 that selectively 

generates a first or a second threshold value voltage as the 

detection threshold value voltage V TH , and a comparator 11 that 
compares the detection threshold value voltage V TH input into an 
inversion input terminal with the input voltage V BA t input into a 
non-inversion input terminal . 

[0025] [0022] The threshold value voltage generator 12, as 

shown in Fig . 2 , includes resistors 31, 32 connected in series 
between the reference voltage V REF and ground potential, and a 
switch 33 provided in parallel with the resistor 31 that is 
controlled by the input voltage of a terminal CNTLa. The 
connection point between the resistor 31 and the resistor 32 
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eefafrfejrfrarfee e de fines an output terminal OUTa that fea-a - — eef^ee^jr€m 
is connected with the inversion input terminal of the comparator 
11. The terminal CNTLa fea-s — een - rieefei - efi — is connected with the 
output of the NOR circuit 2 3 and is controlled by the output of 
the input voltage comparing circuit 7 i toe If — and the threshold 
value voltage - f o - r - e - i - b - l - y- -- setting circuit 8 as described above . If 
the voltage of the terminal CNTLa is a high levels the switch 33 
closes and the reference voltage V REF is output from the output 
terminal OUTa as the first threshold value voltage V t hi- If the 
voltage of the terminal CNTLa is a low level^ the switch 33 
opens and the voltage resulting from the voltage division of the 
reference voltage V REF by the resistor 31 and resistor 32 is 
output from the output terminal OUTa as the second threshold 
value voltage V t h2- 

[0026] - [ -- 00 - 2 - 3 -] Whi - l - s - t While hysteresis of the input voltage 

V B at is a-f -fe-r-eied : achieved in the input voltage comparing circuit 7 
by virtue of the threshold value voltage generator 12 and the 
comparator 11, hysteresis may obviously — be — af f orded be achieved 
by other circuit configurations. 

[ 0027 ] -[--0&2-4-1 The threshold value voltage -f e-r-e-i-b-l-y--- s e 1 1 i ng 

circuit 8 includes a second threshold value voltage value 
generator 16 that selectively generates third and fourth 
threshold value voltages, a second comparator 15 that compares 
the third or fourth threshold value voltages input into the non- 
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inversion input terminal with the input voltage V B at input into 

the inversion input terminal , N-type M95 tra nsistor — a 

switching element 17 into which the output of the second 
comparator 15 is input, a constant current source 18 that teas 
connection is connected at one end to the output of the N- typ e 
MOS — ^ - ga -n- s - i-s-t - e - g switching element 17 and at the other end h - ae 
eefTfteefe±eft is connected to the reference voltage Vref, a capacitor 
19 that here — een-B.eet4eR - is connected at one end to the output of 
the N— type — M0S — ^ - ra - H - s - i -- s -- t - e - r switching element 17 and at the other 
end has — eerrFtee^-ien - is connected to the ground potential, an 
inverter circuit 20 that inverts the output of the - N— t - y - p e — M&S 
-tr-r-erRei-5-fee-r switching element 17 , an inverter circuit 2 1 that 
inverts the output of the second comparator 15, and an AND 
circuit 22 bas e d — 6rR — fefee — i - Rp^t - i^g ---- e - f — fefre — e - u - t!:pu - t -- 3 — e4 — fehe — ivFrv e- r - fe -e- ^ 

■e-i-r-eu-i-tes — 2-9-? 34 — that outputs a signal TP to -fefee — an input 

terminal of the NOR circuit 2 3 based on the outputs of the 
inverter circuits 20, 21, as described above . Switching element 
17 can be an N-type MPS transistor or any other suitable switch. 

[0028] [0025] ¥he — N-type — MB£ trans is tor The switching 

element 17 , constant current source 1 8 , capacitor 1 9j_ and 
inverter 20 c ons titut e de fine a circuit that generates a delay 

( for example, 1 millisecond) . This circuit may be replaced by a 
counter that generates a delay based on the input of a clock 
that serves as a reference. A pulse e-f — having a pulse width 
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established by this delay is generated by the e^e^-fc fc&a-fr 

generates — thi s — de l ay, — t-he — inverter 2 1 — an€l>_ the AND circuit 22 j_ 
and the circuit that generates the delay . 

[0029] - { - &Q - 2 -- S - ] As shown in Fig. 2, the second threshold 

value voltage generator 1 6 includes resistors 34, 35, 36 
connected in series between the reference voltage V REF and ground 
potential, and a switch 37 provided in parallel with the 
resistor 34 that is controlled by the input voltage of a 
terminal CNTLb. The connection point of the resistor 35 and 
resistor 36 serves as an output terminal OUTb and connects to 
the non-inversion input terminal of the second comparator 15. 
The terminal CNTLb is connected to the output of the second 
comparator 15. If the voltage of the terminal CNTLb is a high 
levels the switch 37 closes and the voltage obtained by the 
voltage-division of the reference voltage Vre F by the resistor 35 
and resistor 36 is output from the output terminal OUTb as the 
third threshold value voltage V th37 — wh - i - le — 4h£ . If the voltage of 
the terminal CNTLb is a low levels the switch 37 opens and the 
voltage obtained by the voltage-division of the reference 
voltage V REF by the resistor 34 and resistor 35 connected in 
series and the resistor 36 is output from the output terminal 
OUTb as the fourth threshold value voltage V th4 . 

[0030] -fQ-Q-2-7-] As described above, ^-he ^fi^a^k-vR-e ' 

e jachieving hysteresis by the threshold value voltage fo rcibl y 
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setting circuit 8 is preferable from the viewpoint of preventing 
instability of the output of the threshold value voltage 

f - er^eib - ly s e 1 1 i ng circuit 8 . However, because this output is not 

output to the exterior of the voltage detecting circuit 2 , the 
extent of short-circuit current or noise generated as a result 
is not large. Accordingly, the omission thereof may be 
considered. In this case, the second threshold value voltage 
generator 16, in the absence of the resistor 34 and the terminal 
CNTLb shown in Fig. 2, outputs only the third threshold value 
voltage V th3 . 

[ 0031 ] -{-Q-Q-2&-} The operation of the voltage detecting 

circuit 2 will be described hereinafter with reference to Fig. 3 
while specifically indicating -the — examples of the voltage 
value s . However, other voltage values may be used . When the 
input voltage V BA t (for example, 2 . 6V) is higher than the second 
threshold value voltage V t h2 (for example 2 . 5V) serving as the 
detection threshold value voltage V TH , the output of the output 
terminal OUT is a high level and a residual quantity of the 
battery 3 is 4-u-a^ed--- de termined to be available. When the battery 
3 is removed in this state, the input voltage V B at drops. When 
the input voltage V B at changes from a high voltage to a low 
voltage and intersects the second threshold value voltage V t h2 
(for example 2.5V), the output voltage of the comparator 11 
changes from a high level to a low level. Subsequently, the 
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output switching element 13 is turned ON to establish the output 
terminal OUT at the low level and, in addition, the detection 
threshold value voltage V TH generated by the threshold value 
voltage generator 12 changes to the first threshold value 
voltage V t hi (for example, 2.9V). Although not shown in the 
<d - r - a - w - i - R - g f igure , when the input voltage V B at drops and the input 
voltage V BAT changes from a high voltage to a low voltage and 
intersects the fourth threshold value voltage V t h4 ( for example, 
2 . OV) , the output voltage of the second comparator 15 changes 
from a low level to a high level and the threshold value voltage 
generated by second threshold value voltage generator 16 becomes 
the third threshold value voltage V t h3 (for example, 2.4V). 

[0032] [0029] The opcrating operation of the voltage 

detecting circuit 2 when the input voltage V B at ^ - i - s e e — ^increases 

from the ground potential as a result of -fefee aF-e-f-i-^-t-i-n-g 

e-f reinserting the battery 3 will be hereinafter described. When 
the input voltage V BA t changes from a low voltage to a high 
voltage and intersects the third threshold value voltage V t h3 

(for example 2.4V) generated by the second threshold value 
voltage generator 16, the output voltage of the second 
comparator 15 changes from a high level to a low level. 

Subsequently, the e MAS %&&¥±s4r&ke- & s witching element 17 is 

turned OFF and, while the voltage of the capacitor 19 begins to 
gradually increase from the ground potential due to the current 
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from the constant current source 18, the inverter 20 
j udgc 3 de t e r mi ne s the input as a low level during the delay time 
(for example, 1 millisecond) determined from the values of the 
current from the constant current source 1 8 and the capacitance 
of the capacitor 19. Accordingly, because the inputs of the AND 
circuit 22 are both high levels the output TP - t - he - r - e - e - f - of the AND 
circuit 22 is also a high level, while the output of the NOR 
circuit 23, irrespective of the other input, that is— te — the 
control signal from the input voltage comparing circuit 7 
i-fe-ae-i-i, is a low level. As a result, the detection threshold 
value voltage V TH generated by the threshold value voltage 
generator 12 is the second threshold value voltage V t h2 ( for 
example, 2.5V) . Accompanying these operations, the threshold 
value voltage generated by the second threshold value voltage 
generator 16 changes to the fourth threshold value voltage V th4 
(for example, 2.0V) . 

[0033] [0030} When the input voltage V BAT further 

rises increases and the input voltage V B at changes from a low 
voltage to a high voltage and intersects the second threshold 
value voltage V t h2 (for example 2 . 5V) during the period of the 
above delay time (for example, 1 millisecond), the output 
voltage of the comparator 1 1 changes from a low level to a high 
level. Subsequently, the output switching element 13 is turned 
OFF to establish the output terminal OUT at the high level . In 
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addition, because the input to the NOR circuit 23 is a high 
level, even after the above delay time (for example, 1 
millisecond) has elapsed, the detection threshold value voltage 
V T h generated by the threshold value voltage generator 12 remains 
as the second threshold value voltage V t h2 (for example, 2 . 5V) . 
Accordingly, even if the input voltage V B at is a lower voltage 
than the first threshold value voltage V t hi (for example 2.9V), 
provided that the second threshold value voltage V t h2 (for 
example 2 . 5V) is exceeded, a battery residual quantity is 
4-Bd^ee de t e r mi n e d as being available. 

[0 034] -fO-Q-3-14 Ofi^&fe^e%feejg^-feaft47^r#If the input voltage 

V B at does not intersect the second threshold value voltage V th2 
(for example, 2.5V) during the period of the above delay time 
( for example, 1 millisecond) even if changing from a low voltage 
to a high voltage, the output TP of the AND circuit 22 is 
established at the low level and the output of the NOR circuit 
23 is established at the high level, while the detection 
threshold value voltage V TH generated by the threshold value 
voltage generator 12 returns to the first threshold value 
voltage V t hi (for example, 2.9V). The output voltage of the 
comparator 11 remains at a low level and, with the output 
terminal OUT unchanged at the low level , there is 
: j - ud.ge - d de t e r mi n e d to be no residual battery quantity available. 
The right o oct io n portion of Fig. 3 shows a state where the input 



21 



voltage V B at eefve-k-^fefee e de fines a voltage (for example, 2.45V) 
that has not reached the second threshold value voltage V t h2 ( for 
example 2.5V) and there is - j - u - d - gee -de t e r mi n e d to be no residual 
battery quantity available. 

[0035] {-Q - Q-3-2--} Al though not shown in the e^.-a-^--i--H^ f igures , it 

is notable that the - j - u - d - gfften - t de termination of no available 
battery residual quantity also includes those instances in 
which, in the end, even if the input voltage V B at does reach the 
second threshold value voltage V t h2 (for example, 2.5V), the rise 
from the third threshold value voltage V th3 (for example, 2.4V) 
to the second threshold value voltage V t h2 (for example, 2.5V) 
takes longer than the above delay time ( for example, 1 
millisecond) . Accordingly, for this reason, to prevent the 
- j - u - d€fm e- R - t - de termination that there is no residual quantity 
available despite the battery residual quantity not having 
reached its usage limit, the above delay time must be determined 
in advance with consideration of the parasitic capacitance of 
the battery 3 and resistors 4 and 5 to be greater than the 
actual time taken from the third threshold value voltage V t h3 
(for example, 2 . 4V) to the second threshold value voltage V t h2 
(for example, 2.5V) when an appropriate battery residual 
quantity is available. 

[0036] -{-Q-Q-3-S-] As i-e— de scribed above, the voltage detecting 

circuit 2 according to af ^the present preferred embodiment of the 
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present invention^ and the battery device 1 using this circuity 
is provided with a third threshold value voltage V t h3 lower than 
first and second threshold value voltages V thi , V th2 and-, — beea - nee - /- 
when the input voltage V B at *ises — ^increases and reaches the 
third threshold value voltage V th 37- the threshold value voltage 
■ f - e - ar - e - i - b - l - y — setting circuit 8 sets in the input voltage comparing 
circuit 7 the second threshold value voltage V t h2 > Accordingly , 
even when the battery of only a little residual quantity 
available is temporarily removed and then ^efi - t - ted r e inserted , a 
phenomenon is established in which there is a state of no 
residual quantity of the battery available and in which the 
batter y -rae-u-R -teed- using equipment i-s — doesn't start up can be 
prevente d-"--#* : ei^---4^^ . In this way, 

when the voltage detecting circuit 2 and the battery device 1 
using this circuit are assembled in batter y— mounte d using 
equipment, the battery is able to be used w^rfefe—ee^^feeiftfey— until 

the usage limit t - h - e* : e6 - f and the useable - t-i^ne lif e of the battery 

can be substantially extended. 

[ 0037 ] [0034] The present invention is not restricted to 

the efFtbe^ - i - me - B. - t p referred embodiments described above and, within 
the scope of the items described in the claims, a range of 
modifications may be made thereto. 

[ 0038 ] While the present invention has been described with 

respect to preferred embodiments thereof, it will be apparent to 
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those skilled in the art that the disclosed invention may be 
modified in numerous ways and may assume many embodiments other 
than those specifically set out and described above. 
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